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Introduction

Spiroplasmas are helical and wall-less prokaryotes placed in the division
Tenericutes, class Mollicutes and order Entomoplasmatales. They have been found in
association with a wide variety of organisms including plants such as com, and arthropods,
particularly insects. These associations are usually benign, but several spiroplasmas are
known to adversely affect their hosts. Spiroplasma taiwanese and S. culicicola reduced the
life span of Aedes aegypti females when inoculated intrathoracically (Vazeille-Falcoz et al.
1994) and Spiroplasma melliferurn is pathogenic to the honey bee (Apis nielliferi) (Clark
and Whitcomb 1984). The genus Spiroplasma was established in 1973 by an international
research team that studied a helical mycoplasma associated with Citrus Stubborn Disease.
This study led to the cultivation and the characterization of the first spiroplasma species
described, Spiroplasma citri (Saglio et al. 1973).
Successful cultivations of spiroplasmas employed media based on the composition
of sap in plant sieve tube elements and insect hemolymph and these accomplishments were
followed by determination of important components incorporated in MID medium and later
followed by the development of the SP-4 medium (Tully et al. 1977). In 1976 a helical
wall-less prokaryote was discovered in high frequencies in bee hives at the
Bioenvironmental Bee Laboratory in Beltsville Maryland. These were the first
spiroplasmas cultured that were confined to insects (Clark et al. 1985). The primary
isolation of the spiroplasmas, Spiroplasma melliferurn, was accomplished by transferring
the hemolymph of a honey bee into SM-1 medium and maintaining the culture at 30° C.
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Many serologically distinct groups of insect spiroplasmas have been isolated and
successfully cultured. In addition there have been many uncultivable spiroplasmas
observed through the use of microscopy. Relatively few insect species have been studied
to determine the incidence of infection with spiroplasmas. In 1984 it was estimated 100 or
less species of insects had been investigated of the estimated 30-50 million species that
exist (Clark 1984). The methods currently used for classification are serological
relatedness, polyacrylamide gel electrophoretic patterns of proteins, guanine-plus-cytosine
base ratios, and sometimes DNA-DNA homology (Gasparich et al. 1993). The
classification system includes 24 groups of spiroplasmas (Tully and Whitcomb 1993).
Currently there are 30 recognized strains, but only 4 of the 9 different spiroplasmas found
in tabanids are assigned to groups (Tully and Whitcomb 1993).
Some spiroplasmas are pathogenic to their hosts and show potential as biological
control agents (Clark and Whitcomb 1984). If spiroplasmas are to be used as biological
insecticides much more must be determined regarding their bionomics. For example, is the
maintenance of these microbes by trophic relationships among various arthropods or are
they maintained in plants? The Colorado potato beetle spiroplasma is a good candidate for
use as a biological control agent because of it's host specificity and the possibility of
inserting a pathogenic gene (Konai et al. 1992).
Tabanids are known to be rich reservoirs of spiroplasma (Clark et al. 1984, French
et al. 1992) and are isolated with relative ease from the gut and hemolymph of many
species (Appendix 1). Preliminary identification of spiroplasmas is done by a serological
deformation test (Appendix 2). Of the nine strains isolated from tabanid flies (Tabanidae)
(Whitcomb et al. 1992), only one Spiroplasma strain (EC-1 of group XIV) has been
cultured from another arthropod, the firefly beetle Ellychnia corrusca (Lampyridae), where
it was cultured from the gut and hemolymph (Hackett et al. 1992).
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We hypothesize that tabanid spiroplasmas are maintained in nature by an alternate
host system, wherein tabanids serve to carry and maintain spiroplasmas through the
summer and an alternate host serves to overwinter the spiroplasma. Tabanid larvae are not
known to carry spiroplasmas. Samples from 15 field collected larvae yielded no cultures of
spiroplasma (French et al. 1992). The alternate host for tabanid infections of EC-1 could
be E. corrusca. EC-1 was isolated from E. corrusca which appeared to be emerging from
overwintering sites (Whitcomb, personal communication). Tabanid females are known for
the bloodmeal required by most species prior to oviposition, however males and females
require daily ingestion of water and carbohydrates (Schutz and Gaugler 1989, Teskey
1990). Spiroplasmas could be deposited at carbohydrate feeding sites and possibly infect
other insects that feed at the same sites.
Little is known of the natural cycles of the spiroplasmas of biting flies. This is
much the same for mollicutes related to spiroplasmas. Nonhelical mollicutes have been
isolated from several insects. Entomoplasma somnilux was isolated from the pupal gut of
of Pyractonema angulata, and E. himinosiim and E. lucivorax were isolated from the gut
of adult Photinus marginalis and Photinus pyralis (Williamson et al. 1990). The
nonhelical mollicute involved in our study, Entomoplasma ellychniae, was originally
isolated from the hemolymph of the firefly beetle, Ellychnia corrusca (Tully et al. 1989).
This study was conducted to give insight into the tabanid-spiroplasma cycle by: (1)
determining the exit points of spiroplasmas from tabanid hosts; (2) determining the
survival rates of spiroplasma outside of the tabanid hosts; (3) determining if tabanids can
be artificially infected by ingestion of infected sugar water; (4) determining if transmission
of spiroplasmas and other mollicutes from fireflies to tabanids can occur if allowed to
interact with one another; and (5) determining if firefly larvae can be infected with
spiroplasma by ingestion of infected food.

Manuscript to be Submitted to Microbial Ecology

Laboratory Infection and Release of Spiroplasma (Entomoplasmatales:
Spiroplasmataceae) from Horse Flies (Tabanidae: Diptera).
J. Wedincamp Jr.,1 F. E. French,1 R. F. Whitcomb,2 and R. B. Henegar2

1 Biology Department, Georgia Southern University, Statesboro GA 30460-8042
^ARS, Insect Biocontrol Laboratory, B465 BARCE, Beltsville MD 20705

Abstract. To determine the exit points of Spiroplasma from tabanids, 45 naturally
infected Tabanus gladiator and 6 T. sulcifrons were restrained and fed 10% sucrose. The
flies were allowed to feed for 24 hours and the resulting oral and anal specks were
cultured in MID broth. Spiroplasmas were isolated from 21 of 51 oral specks but none of
23 anal specks deposited on plastic. In contrast, when anal specks were deposited in a
sucrose solution, 9 of 28 anal specks in sucrose yielded spiroplasma cultures. Air-dried
spiroplasma cultures in 5% sucrose survived for up to 30 days in the laboratory. Tabamis
lineola and T. longiusculus were offered a culture of Spiroplasma strain EC-1 on a
stewed raisin or in 5% sucrose in the form of a hanging drop. After four days, the minced
abdominal viscera of each specimen were incubated in MID broth with 25 of 32 tabanids
yielding cultures of Spiroplasma.
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Introduction

Spiroplasmas are helical and wall-less prokaryotes belonging to the division
Tenericutes, class Mollicutes and order Entomoplasmatales [8, 11], These microbes form
associations with a wide variety of organisms, including plants and arthropods [9].
Tabanid flies (Tabanidae) are rich reservoirs of spiroplasmas [1,2]. How tabanids
acquire spiroplasmas is unknown, but most likely adults acquire spiroplasmas from their
environment. Few tabanid larvae have been examined (n=\5) and no spiroplasmas were
isolated from larvae [2], Tabanids are known for the bloodmeal required by most species
prior to oviposition, however males and females require daily ingestion of water and
carbohydrates [7], Some tabanids are known to feed on honeydew [6, 7], and it is
possible that infected tabanids could deposit spiroplasmas in oral and anal specks at
carbohydrate feeding sites. Tabanids feeding after infected tabanids may ingest the
deposited spiroplasmas.
The objectives of this study were: (1) to determine the exit points of spiroplasmas
from tabanids; (2) to determine if spiroplasmas can survive in the environment outside
tabanids; and (3) to determine whether tabanids can be infected by ingestion of
spiroplasmas in sugar water.

Methods

Recovery from Oral and Anal Specks. Naturally infected tabanids (45 Tahanus gladiator
and 6 T. sulcifrons) were collected from populations with a 94% infection rate in a
Gressitt Malaise trap September 20-October 16, 1992 and October 4-17, 1993 in Bulloch
County, Georgia. Tabanids were chilled and placed into a sterile, plastic culture tube
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(12x75mm) with the head of the fly projecting outward. A piece of tape was applied
between the head and thorax of the tabanid, forming a head gate, allowing the fly to turn
it's head freely but restraining forward or backward movement. One drop of 10% sucrose
on a cover glass was placed under the mouthparts of the fly for feeding and deposition of
oral fly specks. The culture tube served as the collection reservoir for the anal fly speck.
The flies were restrained and sucrose placed within reach of the proboscis for
approximately 24 hrs. After the feeding period, abdominal viscera were cultured as
previously described [5] and surfaces of the cover glasses and anal specks in the culture
tubes were cultured to determine the presence of spiroplasmas as follows. Each cover
glass was placed in a 100 mm x 15 mm sterile petri dish and covered with 1.5 ml of MID
broth [10] for approximately 5 min. A sterile 3 ml syringe and 18 gauge needle was used
to collect the broth and expel it over the cover glass 3 times in order to wash off the
remaining residue prior to passage through a 0.45 |J.m syringe filter. The anal specks
were cultured similarily with MID broth introduced into the culture tube that contained
the anal speck. One drop of 10% sucrose was placed under the anus in the culture tube of
28 flies so that anal specks would be deposited in sugar. All cultures were incubated at
30° C.

Extrahost Viability. To determine the survival rate of Spiroplasma outside of the host
insect, artificial fly specks were made of one part Spiroplasma EC-1 culture at the peak of
the growth phase to one part 10% sucrose. The EC-1 strain used was originally isolated
from adult firefly beetles, Ellychnia corrusca (Lampyridae), collected in Maryland [4],
The artificial fly specks consisted of one drop of EC-1 in sucrose placed on a sterile
plastic snap cap, allowed to air-dry in a covered glass specimen dish, and held at ambient
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laboratory temperature and lighting for 30, 180 and 240-day periods prior to culturing in
MID broth.

Laboratory Infection ofTabanids with Spiroplasma. On June 13, 1993, 33 Tabanus
longiusculus and 16 T. lineola were captured using a Gressitt-Malaise trap in Bulloch
County, Georgia. Tabanids were placed individually in 250 ml jars and offered a hanging
drop of 10% sucrose. On the second day, the specimens were randomly assigned by
species to one of three groups. Group 1 was offered a hanging drop of EC-1 culture in
5% sucrose for one day. Group 2 was offered 100 (il of EC-1 culture on a stewed raisin
for one day. Group 3 was offered only 10% sucrose. After treatment, all flies were
provided daily with a hanging drop of 10% sucrose for 4 days and then the abdominal
viscera and hemolymph were cultured for Spiroplasma. Organisms were isolated from
tabanid abdominal viscera and hemolymph using previously published techniques [5],
with the exception that two drops of Photo-Flo 200® were added to 30 ml of 0.5%
NaOCl solution. This surfactant was used to wet the surface of the tabanids and ensure
surface sterilization. Serological deformation tests [12] with antiserum to strain EC-1
(1:1280) were used to confirm the presence of Spiroplasma strain EC-1.

Results

Recovery from Oral and Anal Specks. Spiroplasmas were isolated from fly specks of
naturally infected T. gladiator and T sulcifrons. Spiroplasmas were cultured from 21 of
51 oral specks in 10% sucrose on a cover glass. Spiroplasmas were cultured from 9 of 28
tubes with anal fly specks deposited in 10% sucrose, but no spiroplasmas were recovered
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from 23 tubes containing anal fly specks deposited in sterile culture tubes. Identification
of the spiroplasma strains isolated is pending.

Extrahost Viability. Spiroplasmas, EC-1 strain, were recovered from 4 of 4 artificial fly
specks in air dried sugar at 30 days. No spiroplasmas were recovered at 180 days (0 of
20) and 240 days (0 of 4).

Laboratory Infection ofTabanids with Spiroplasma. Tabanids fed Spiroplasma strain
EC-1 in 5% sucrose had a visceral infection rate of 88% (15 of 17). Flies offered 100 jj.1
of EC-l culture in 5% sucrose on a stewed raisin had a visceral infection rate of 63% (10
of 15). All isolates were indicated to be EC-1 by antisera at a final dilution of 1:1280.
No spiroplasmas were recovered from the hemolymph samples. Only 1 of 15 (7%)
control tabanids, fed only 10% sucrose, had a natural visceral infection and it was not
EC-1.

Discussion

Tabanids have been recognized as having a relationship with several spiroplasmas
since the early ^SO's f 1], but how tabanids acquire their spiroplasmas is unknown.
Spiroplasmas exit adult tabanids from both the mouthparts and the anus. Because the
survival of spiroplasmas outside of the tabanid appears to be enhanced by deposition in
sucrose, a closer examination of the carbohydrate feeding sites may uncover transfer
mechanisms of Spiroplasma from infected flies to uninfected flies. Perhaps spiroplasmas
can survive when deposited in natural sugar solutions while feeding on honeydew, tree
sap flows and nectaries. The 30 day survival in air dried sugar in the laboratory suggests
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that spiroplasmas may remain viable long enough for transmission to other tabanids at
natural carbohydrate feeding stations. Our results indicate that tabanids are readily
infected with the EC-1 strain by ingestion. The HYOS-1 strain is also infective when
ingested by tabanids [Railey PB, French FE (1990) Laboratory transmission of
Spiroplasma (Mollicutes) toTabanidae (Insecta). Ga J Sci 48:19], Adult horseflies visit
carbohydrate feeding sites [6, 7] and they may deposit spiroplasmas at this time while
feeding. This could account for the increase in infection rates among tabanids as the
spring progresses into the summer [3]. One fly could serve to infect many more at the
same feeding site because it was shown from previous research that laboratory
transmission of Spiroplasma HYOS-1 from an infected fly to an uninfected one can occur
in as little as 24 hours [Deal NE, French FE (1991) Laboratory transfer and June-July
incidence of Spiroplasma (Mollicutes) in tabanids (Diptera: Tabanidae) of Bulloch Co.,
Georgia. Ga J Sci 49:24], After deposition at the feeding site, spiroplasmas may survive
for as long as 30 days which would increase the chances of subsequent flies visiting the
same site and acquiring infections. However, because extrahost laboratory survival is
less than 160 days then the spiroplasmas probably do not overwinter outside a host.
We have shown: (1) viable spiroplasmas exit the tabanids from both the anus and
the mouthparts when deposited in sucrose; (2) Spiroplasma strain EC-1 can survive up to
30 days when placed in sugar water and air-dried; and (3) tabanids are readily infected
with Spiroplasma EC-1 by ingestion of infected sugar water or raisin.
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Spiroplasmas Associated with Fireflies (Lampyridae: Coleoptera) and Tabanids
(Diptera: Tabanidae)
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Two Spiroplasma strains as well as a nonhelical mollicute, Entomoplasma
eilychniae, were succesfully transferred to tabanids, C by sops and Hybomitra, by an
infected firefly, Ellychnia corrusca, demonstrating a possible natural spiroplasma
infection cycle from firefly beetles to tabanid flies. One firefly and two tabanids were
placed in a chamber with a common feeding station. After cohabitation from 4 to 10 days
the viscera of the tabanids and the fireflies were cultured for mollicutes.
Firefly larvae (Photuris), possible natural reservoirs for spiroplasmas of tabanids,
were offered beetle pupae injected with a Spiroplasma strain EC-1 or HYOS-1. The
viscera of each firefly larvae were cultured 4 to 10 days after feeding on an injected pupa
to determine if transfer of injected spiroplasmas had occurred. No transfer of EC-1 or
HYOS-1 was detected, but natural infections of spiroplasmas were cultured from the
Photuris spp. larvae and reared adults.
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INTRODUCTION

Spiroplasma (Mollicutes: Entomoplasmatales) are associated with arthropods,
especially flies (Diptera) and beetles (Coleoptera) (Hackett, 1990). Little is known of the
bionomics of Entomoplasma, Spiroplasma, and other non-sterol requiring
Entomoplasmatales. Of the nine strains isolated from tabanid flies (Tabanidae) (French
et al., 1992; Whitcomb et ai, 1992) only one Spiroplasma strain (EC-1 of group XIV)
has been cultured from another arthropod, a firefly beetle (Lampyridae). Strain EC-1 was
cultured from the gut and hemolymph of the firefly beetle Ellychnia corrusca (Hackett et
al., 1992) and is closely related to subsequent isolates from tabanids. A nonhelical
mollicute, Entomoplasma ellychniae, was also isolated from Ellychnia corrusca (Tully et
al., 1989). The natural mode of infection in tabanid flies with Spiroplasma and other
mollicutes is unknown. Adult fireflies may overwinter infected with spiroplasmas
(Hackett et al., 1992). E. corrusca overwinters as an adult whereas most other fireflies
overwinter as larvae. When firefly adults emerge in the spring they feed at nectaries and
other carbohydrate feeding sites. Although most female tabanids require a bloodmeal
prior to oviposition, tabanids also feed on honeydew secreted by aphids (Homoptera:
Aphidae) (Schutz and Gaugler, 1989; Teskey, 1990). The transfer of Mollicutes from
firefly to tabanid may occur at common feeding sites.
To simulate feeding at common sites, fireflies and tabanids were cohabited in jars.
Firefly larvae are also potential reservoirs for tabanid spiroplasmas. To investigate their
trophic relationships, we offered beetle pupae injected with tabanid spiroplasmas as prey
to Photuris firefly larvae.
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MATERIALS AND METHODS

Insects
All tabanids were captured in Bulloch County, Georgia (USA), using a GressittMalaise trap. Specimens were placed into individual sterile Dilu-Vials®> chilled, and
transported to the laboratory.
Ellychnia corrusca adults were collected from white oak (Quercus alba) and other
fissured bark tree trunks and appeared to be newly emerged from overwintering sites.
Fireflies were placed on moist 9 cm #1 Whatman® filter paper in individual 100 x 15 mm
sterile plastic petri dishes.

Larvae
Photuris firefly larvae were collected on the surface of the soil by observing a
flash emitted from the abdomen. They were placed in individual 60 mm disposable
plastic petri dishes lined with 5.5 cm #1 Whatman® filter paper. Distilled water was
used to moisten the filter paper.

Spiroplasmas
The EC-1 strain was isolated from the gut and hemolymph of E. corrusca firefly
beetles collected in Maryland (USA) (Hackett et al, 1992). A closely related strain has
been isolated from several tabanid species. The HYOS-1 strain was isolated from the
tabanid, Hybomitra opaca, collected in Montana (USA).
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Isolation
Mollicutes were isolated from insect abdominal viscera after surface sterilization,
abdominal snip, removal and mincing viscera in MID broth (Whitcomb, 1983) and
filtration through 0.45 |im pores using previously published techniques (Markham et al.,
1983) with the exception that two drops of Photo-Flo 200® was added to 30 ml of 0.5%
NaOCl solution. This surfactant was used to ensure wetting of the insect and surface
sterilization.

Chacterization
Serological deformation tests (Williamson and Whitcomb, 1983), with a final
dilution of antiserum of 1:1280, were used to confirm the presence of Spiroplasma
HYOS-1 and EC-1. Entomoplasma ellychniae isolates were identified using the standard
serological deformation test and growth inhibition assay (Tully et al., 1989).

Cohabitation Tests
Test 1. Adult fireflies, 45 E. corrusca, were collected March 27, 1994, in
Randolph County, West Virginia (USA) and April 3, 1994, in Montgomery County,
Maryland. The fireflies were held at 24-27° C with a 12/12 hr light/dark cycle, fed
stewed raisins and randomly assigned to one of three groups. Fireflies of group 1 were
offered 100 fil of EC-1 culture on a stewed raisin. Group 2 fireflies were offered 100 >il
of HYOS-1 culture on a stewed raisin. Group 3 fireflies, controls, were offered 100 |il of
MID broth on a stewed raisin. On day 5, fireflies of groups 1 and 2 were surface
sterilized in 0.5% NaOH for 30 seconds prior to cohabitation with two tabanids. One
each Chrysops brimleyi, Hybomitra difficilis and E. corrusca were placed in a single 250
ml glass jar on day 5 with a freshly stewed raisin as the only food source. Abdominal
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viscera of all insects were cultured after 4 days of cohabitation. Control tabanids, 10 C.
brimleyi and 10 H. difficilis, were also processed for isolation of mollicutes. The raisin in
each jar was cultured in MID broth at the time the insects were cultured.
Test 2. Ellychnia corrusca (n-43) were collected April 20, 1993, Randolph
County, West Virginia, and assigned at random to 1 of 3 groups. Group A, 15 fireflies,
was cohabited with two tabanids in 2-liter jars. Group B, 18 fireflies, was offered 100 (J.1
of EC-1 culture on a raisin, starved one day, then cohabited with two tabanids in 2-liter
glass jars. The common feeding area for the fireflies and tabanids within each jar
consisted of a stewed raisin in groups A and B. Tabanids in each jar were one Chrysops
cincticornis and one C. brimleyi. Group C, 10 fireflies, was held in individual sterile
petri dishes with a raisin served as controls to determine the natural infection rate. A
tabanid control group consisted of 8 C. brimleyi and 5 C. cincticornis. All insects were
held at 19° C with a 12/12 hr light/dark cycle.
Test 3. Each of the 23 E. corrusca collected April 4, 1993, Montgomery County,
Maryland, were cohabited with one C. brimleyi and one H. difficilis in a 2-liter glass jar
with one stewed raisin and held in an environmental chamber at 19° C with a 12/12 hr
light/dark cycle. Insect viscera and raisins were cultured in M ID broth after cohabitation
of 4 to 10 days. The tabanid control group consisted of 2 C. brimleyi and 4 H. difficilis.

Firefly Larvae Infection
Firefly larvae, 45 Photuris lucicrescens, were collected September 26-30, 1993,
Mercer County, New Jersey. Photuris spp. near hebes (n=61) were collected March 30April 4, 1994, Evans County, Georgia. All larvae were maintained at 16-25° C with a
12/12 hr photoperiod.
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Mealworm beetle pupae (Tenebrio molitar Coleoptera) with lightly colored legs
were selected for injection, since pupae with darker pigmented legs tended to develop
into adults before the firefly larvae fed. Pupae were randomly assigned to 1 of 3 groups.
Group 1 was injected with 5.0 |il of HYOS-1 strain of Spiroplasma cultured in MID with
a 10 fil Osge® syringe. Group 2 was injected with 5.0 jil of EC-1 strain of Spiroplasma
in MID. Spiroplasma titer for injection, as estimated by serial dilution, was 105-106
spiroplasmas per |il (HYOS-1) and lOMO6 spiroplasmas per |il (EC-1). Group 3 was
injected with 5.0 |ll of MID broth as controls. Each T. molitar pupa was injected 24 to
30 hrs before placement in individual 60 mm petri dishes with a single firefly larva. A
second injected pupa was placed with each firefly larva after evidence of feeding was
observed. Feeding was indicated by evisceration or holes in the exoskeleton of the
mealworm pupa. Viscera of 88 larvae were cultured 4 days after feeding on the final
mealworm pupa. Viscera of 11 adults reared from Photuris spp. near hebes larvae from
the same field collection were also cultured for mollicutes 1 to 3 days after
metamorphosis.

RESULTS

Cohabitation
Test 1. By day 5, Spiroplasma EC-1 was transferred from naturally and
laboratory infected fireflies (E. corrusca) to tabanids. Two C. brimleyi and 4 H. difficilis
presumably were infected by feeding on raisins contaminated by the fireflies in 25%
(5/20) of the 250 ml glass jars (Table 1). A significant difference between cohabited
tabanid infection rate (30%) and control tabanid infection rate (10%) was found at the 5%
level of significance (X2=8.88). The fireflies with a natural EC-1 infection rate of 13%
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(2/15) had a 54% infection rate after housed with EC-1 on a raisin. HYOS-1 was
transferred from a laboratory infected firefly to a H. difficilis in 1 of 15 of the glass jars
(Table 1). No natural infections of HYOS-1 or E. ellychniae were detected in tabanid
controls. Spiroplasmas were isolated from 2 of 23 raisins from cohabitation jars on day
5, but not from 10 control raisins.
Test 2. E. corrusca of groups A, B, and C had a combined E. ellychniae infection
rate of 63% (27/43). E. ellychniae was transferred from a naturally infected E. corrusca
firefly in Group A to a C. brimleyi presumably by feeding on a raisin contaminated by the
firefly. Control tabanids («=13) were not infected with E. ellychniae. No spiroplasmas
were recovered from fireflies or transferred to tabanids.
Test 3. E. ellychniae was transferred from naturally infected E. corrusca fireflies
to tabanids presumably by feeding on raisins contaminated by the fireflies (Table 2) in
35% (8/23) of the 2-liter cohabitation jars. The infected tabanids included 1 C. brimleyi
and 7 H. difficilis. A significant difference between experimental tabanid infection rate
and control tabanid infection rate was found at the 5% level of significance (X2=65.39).
Control tabanids (n=6) were not infected with E. ellychniae. The E. corrusca had a 61%
(14/23) natural infection rate with E. ellychniae.

Firefly Larvae Infection
Firefly larvae, 45 Photuris lucicrescens and 43 Photuris spp. near hebes, were not
infected with EC-1 or HYOS-1 strains of Spiroplasma by feeding on injected T. molitar
pupae. Photuris lucicrescens larvae had a natural infection rate of 6.6% (3/45) with
Spiroplasma strain PUP-1, not strains EC-1 and HYOS-1. Photuris spp. larvae had a
natural infection rate of 21% (9/43) with spiroplasmas but not strains EC-1 and HYOS-1.
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Injected T. molitar control pupae were found to carry both HYOS-1 (11/13) and EC-1
(10/10) for up to 5 days.
The 9 Spiroplasma isolates from 43 larvae of Photuris spp. near hebes and the
4/11 isolates from reared adults (same field collection) are not yet identified.

DISCUSSION

The natural routes of infection of tabanids with spiroplasmas are unknown.
Limited sampling indicates that tabanid larvae may not cany Spiroplasma (French et ai,
1992). Perhaps fireflies overwinter with spiroplasma infections, emerge and feed at
honeydew deposits, nectaries, and tree sap flows which are also visited by tabanids.
Common carbohydrate feeding sites would facillitate transfer of spiroplasmas from
lampyrid to tabanid. We have shown that Spiroplasma strains EC-1 and HYOS-1 as well
as E. ellychniae can be transferred from infected fireflies to tabanids presumably at
common feeding sites. Spiroplasmas were recovered from the surface of raisins that were
fed on by the cohabiting tabanids and fireflies. Spiroplasmas will survive up to 30 days
in air dried sucrose droplets (Wedincamp, 1994). If transfer of mollicute infections occur
in the laboratory, they may also occur in nature.
The firefly larvae used in our test had natural infections of spiroplasmas and E.
ellychniae, complicating superimposing Spiroplasma infections of over the established
gut flora. The Evans County isolations of spiroplasmas from Photuris spp. firefly larvae
and adults were the first isolates from Georgia and characterization is in progress. If
reared Photuris spp. adults have the same spiroplasmas as the larvae from the same
collection site and date, the adults either carried the infection through metamorphosis or
became infected from the soil within one day after emergence from the pupal stage.
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Spiroplasmas isolated from other fireflies include: the group XIV strain EC-1 isolated
from Ellychnia cor ruse a, group XVI strain PIP-1 isolated from Photinus py rails, group
XIX strain PUP-1 isolated from Photuris lucicrescens, and group XIX strain PUP-2
isolated from Photuris spp. (Hackett et al., 1992).
E. corrusca larvae need to be sampled in quantity to determine if the EC-1 strain
occurs in this stage prior to overwintering. Tabanid larvae also need to be tested for
laboratory infectability and adequately surveyed for natural infections of spiroplasmas
because of the implications in the tabanid spiroplasma cycle.

ACKNOWLEDGEMENTS
We thank Anthony J. LeCroy (Statesboro, Georgia) for laboratory assistance and
field collections of fireflies and tabanids; Jonathan Copeland (Georgia Southern
University, Statesboro, Georgia) for technical advice; Paul S. Johnson (Princeton, New
Jersey) for obtaining firefly larvae; Marcus A. Toole (Statesboro, Georgia) for providing
my access to a tabanid trapping site; and Fredric V. Vend (State University of New York
at Stony Brook, New York) for identification of fireflies.

REFERENCES

French F. E., Whitcomb R. F., Hagan D. V., Raftner J. A., Konai M. and Clark E. A.
1992. Dynamics of Spiroplasma infections in tabanid (Diptera: Tabanidae) flies,
laboratory transmission, and in vitro tests. IOM letter. 2, 114.
Hackett K. 1990. Adaptational biology and spiroplasmas. Zbl. Suppl. 20, 23-26.

21

Hackett K. J., Whitcomb R. F., Tully J. G., Lloyd J. E.. Anderson J. J., Clark T. B..
Henegar R. B., Rose D. L., Clark E. A. and Vaughn J. L. 1992. Lampyridae
(Coleoptera): a plethora of mollicute associations. Microb Ecol. 23, 181-193.
Markham P., Clark T. B. and Whitcomb R. F. 1983. Culture media for spiroplasmas from
arthropods, in "Methods in Mycoplasmology" (Tully JG, Razin S, Eds.), Vol. 2,
pp. 217-223. Academic Press, New York.
Schutz S. J. and Gaugler R. 1989. Honeydew-feeding behavior of salt marsh horse flies
(Diptera: Tabanidae). J Med Entomol. 26, 471-473.
Teskey H. J. 1990. The horse flies and deer flies of Canada and Alaska Vol. 16 The
insects and arachnids of Canada, Canadian Goverment Publishing Centre, Ottawa,
Canada.
Tully J. G., Rose D. L., Hackett K. J., Whitcomb R. F., Carle P., Bove J. M., Colflesh D.
E. and Williamson D. L. 1989. Mycoplasma ellychniae sp. nov., a sterol requiring
mollicute from the firefly beetle Ellychnia corrusca. hit J Syst Bacteriol. 39, 284289.
Wedincamp J. 1994. Laboratory infection and release of Spiroplasma
(Entomoplasmatales: Spiroplasmataceae) from horse flies (Tabanidae: Diptera).
M.S. Thesis, Georgia Southern University, Statesboro, Georgia.
Whitcomb R. F. 1983. Culture media for spiroplasmas. in "Methods in
Mycoplasmology" (Razin S, Tully JG. Eds.), Vol. 1, pp. 147-158. Academic
Press, New York.
Whitcomb R.F., French, F.E., Tully, J.G., Gasparich, G.E., Bove, J.M., Carle, P.. Clark,
E.A., and Henegar. R. 1992. Tabanid spiroplasma serovars. IOM letter. 2. 1 15.

22

Williamson D. L. and Whitcomb R. F. 1983. Special serological tests for spiroplasma
identification, in "Methods in mycoplasmology" Vol. 2, pp. 249-259. Academic
Press, New York.

23

TABLE 1.
Laboratory Transfer of Spiroplasma from the Firefly Ellychnia corrusca to Cohabiting
Tabanid Flies, Chrysops and Hybomitra

Number (%) of Insects Infected With Spiroplasma
Insect Group

EC-1

HYOS-1

Cohabiting Fireflies3

7/13 (54%)

0/15

Control Fireflies

2/15 (13%)

0/15

Cohabiting Tabanids

6/20 (30%)*

1/15 (6%)

Control Tabanids

2/20 (10%)*

0/15

a

offered EC-1 or HYOS-1 in food.

* significant difference between cohabiting tabanid infection rate and control tabanid
infection rate at 5% level of significance, x2=8.88.
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TABLE 2.
Laboratory Transfer of Entomoplasnia ellychniae from the Firefly Ellychnia cor ruse a to
Cohabiting Tabanids, Chrysops bnrnleyi and Hybomitra difficilis.

Insect Group Number (%) Infected with E. ellychniae

Cohabiting Fireflies

14/23(61%)

Cohabiting Tabanids

8/46(17%)*

Control Tabanids

0/6 (0%)*

Significant difference between cohabiting tabanid infection rate and control tabanid
infection rate at 5% level of significance, X2=65.39.

Discussion and Conclusions

Tabanids are known to be rich reservoirs of spiroplasmas (Clark et al. 1984) and
are isolated with relative ease from the gut and hemolymph of many species. The current
hypothesis of the tabanid-spiroplasma cycle is based upon the discovery that some
tabanids are infected with a Spiroplasma strain EC-1 that is also found in one species of
firefly, Ellychnia corrusca (Hackett et al. 1992). We hypothesize that tabanid
spiroplasmas are maintained in nature by an alternate host system, whereby tabanids
serve to carry and maintain spiroplasmas through the summer and an alternate host serves
to overwinter the spiroplasma. The alternate overwintering host for Spiroplasma EC-1
could be E. corrusca. Tabanids are known to visit carbohydrate feeding sites such as
honeydew (Schutz and Gaugler 1989, Teskey 1990) and spiroplasmas could be deposited
at these sites possibly infecting other insects feeding at the same sites.
This study was conducted to give insight into the tabanid-spiroplasma cycle. The
results indicate that tabanids are readily infected with the EC-1 strain by ingestion. We
have also shown that spiroplasmas exit tabanids from both the anus and the mouthparts.
Adult horseflies visit carbohydrate feeding sites and they may deposit spiroplasmas at
this time while feeding. One fly could serve to infect many more at the same feeding site.
After deposition at the feeding site, spiroplasmas may survive for as long as 30 days,
which would increase the chances of subsequent flies visiting the same site and acquiring
infections. This could account for the increase in infection rates among tabanids as the
spring progresses into the summer (French, unpublished). Since extrahost laboratory
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survival is less than 160 days then the spiroplasmas probably do not overwinter outside a
host.
Tabanid larvae also need to be tested for laboratory infectability and adequately
surveyed for natural infections of spiroplasmas because of the implications in the tabanid
spiroplasma cycle.
The results indicate that E. ellychniae, Spiroplasma strains EC-1 and HYOS-1 can
be transferred from infected fireflies to tabanids in the laboratory and thus presumably at
natural common feeding sites. Spiroplasmas were successfully recovered from the
surface of raisins that were fed on by cohabiting tabanids and fireflies. Of the 9
spiroplasma strains isolated from tabanids, only EC-1 has been isolated fom both tabanids
and a firefly, Ellychnia corrusca. E. corrusca larvae need to be sampled in quantity to
determine if the EC-1 strain occurs in this stage prior to overwintering. The nonhelical
entomoplasma involved in our study, E. ellychniae, was originally isolated from the
hemolymph of the firefly beetle, Ellychnia corrusca (Tully et al. 1989). Other nonhelical
mollicutes also have been isolated from several fireflies. Entomoplasma somnihix was
isolated from the pupal gut of Pyractonema angulata, and E I ami no sum and E. lucivorax
were isolated from the gut of adult Photinus marginalis and Photinus pyralis (Williamson
et al. 1990).
The firefly larvae used in our test had natural infections of spiroplasmas and E.
ellychniae, complicating superimposing Spiroplasma infections over the established gut
flora. The Evans County isolations of spiroplasmas from Photuris spp. near hebes firefly
larvae and adults were the first from Georgia and serological typing of the isolations is in
progress. If the reared Photuris spp. near hebes adults have the same spiroplasmas as the
larvae from the same field collection, the adults either carried the infection through
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metamorphosis or became infected from the soil within one day after emergence from the
pupal stage. Spiroplasmas isolated from other fireflies include: the group XIV strain
EC-1 isolated from E. corrusca, group XVI strain PIP-1 isolated from Photinus pyralis,
group XIX strain PUP-1 isolated from Photuris lucicrescens, and group XIX strain PUP2 isolated from Photuris spp. (Hackett et al. 1992).
We have shown: (1) viable spiroplasmas exit a tabanid's body from both the anus
and the mouthparts when deposited in sucrose; (2) Spiroplasma strain EC-1 can survive
up to 30 days when placed in sugar water and air-dried; (3) tabanids are readily infected
with Spiroplasma EC-1 by ingestion of infected sugar water or raisin; and (4)
Spiroplasma strains EC-1, HYOS-1, and E. ellychniae can be transferred from infected
fireflies to tabanids presumably at common feeding sites.
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Appendix 1

Isolation Procedures
Gut Isolation.
The gut of each fly was processed by first placing the fly into 20 ml of 0.5%
NaOCl solution with 2 drops of Photo-Flo® as a surfactant to completely wet the surface
of the fly. After 1 min. the fly was placed onto a dry, unbleached paper towel with sterile
forceps and maneuvered about on the towel to dry the exterior of the fly.
The last two segments of the abdomen were severed using a heat sterilized scalpel.
The fly was then held by the thorax with forceps while a pair of microdissection forceps
was used to enter into the abdomen and remove the gut.
The viscera of the fly was then placed in a sterile disposable 100 x 15 mm petri dish
with 1.5 ml of MID broth. The viscera of each fly was examined using a dissecting scope
to assure that the crop and the gut had been removed.
The viscera were minced using a teasing needle and forceps. A 3 cc syringe was
used to extract the minced intestine and the broth from the petri dish. The suspension was
aspirated into the syringe and expelled 3 times to insure that the viscera were completely
minced.
The culture was filtered into a sterile 12 x 75 mm culture tube through a 0.45 (im
filter unit and incubated at 30° C.
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Hemolymph

Isolation.

Hemolymph samples were taken by placing an anesthesized fly ventral side up
under a dissecting microscope.
Micropipettes were made by heating with an alcohol lamp and then drawing out the
fine tip of a 5 inch Pasteur pipette for at least 8 inches. A micropipette was inserted into the
coxa and hemolymph extracted by capillary action.
The tip of the micropipette was placed into a culture tube that contained 1.5 ml of
MID broth. Hemolymph was introduced into the broth by blowing gently into the
micropipette.
The sample was filtered through a 0.45 |im filter unit into a 12 x 75 mm culture
tube and incubated at 30° C.
Culture Growth and Storage.
All cultures (gut and hemolymph) were checked daily to observe " kicks"
(spiroplasma growth). A "kick" was indicated by the media turning a clear yellow and was
confirmed using dark field microscopy.
Cultures that contained a fungal or a bacterial growth were filtered with a 0.22 |im
filter unit attached to a syringe and then transferred back to the incubator.
All confirmed positive cultures were subcultured and frozen at -70° C.
All insect hosts were labeled with a 6 digit accession number (color coded lime
green), identified to species, and curated as voucher specimens in the Georgia Southern
University insect collection.

Appendix 2

Serological Deformation Screening Test for Spiroplasma.
Cultures to be tested and controls were newly subcultured and incubated at 30° C.
At the height of the growth phase (approximately 24 hrs after innoculation) the cultures
were tested against the antiserum obtained from Robert F. Whitcomb at Beltsville,
Maryland.
The stock antisera were diluted to 1:40 with MID broth and refrigerated. This can
be stored in the refrigerator for up to one month.
For testing the 1:40 antisera was mixed 1 part to 3 parts MID for a dilution of
1:640.
Position and accession number of each culture were marked with a fine tipped
marking pen on a sterile serological microtiter plate.
Add 20 (ll of 1:640 antiserum to each test well.
Add 20 |il of culture to designated well that contains no antisera for control.
Add 20 (J.1 of the culture to be tested to each test well giving a final dilution of
1:1280.
After 20 minutes microdrop samples were placed on a clean slide and covered with
a 18 mm cover glass and examined at lOOOx darkfield.
A positive deformation test was indicated by the agglutination and deformation of
the helical form.
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